Background: A number of inflammatory diseases, including familial Mediterranean fever (FMF), have been shown to be driven by a strongly dominated Th1 response, whereas the pathogenesis of atopic diseases is associated with a Th2 response. Objective: Because dominance of interferon gamma has the potential of inhibiting Th2 type responsesthat is, development of allergic disorders, to investigate whether FMF, or mutations of the MEFV gene, have an effect on allergic diseases and atopy that are associated with an increased Th2 activity. Method: Sixty children with FMF were questioned about allergic diseases such as asthma, allergic rhinitis, and atopic dermatitis, as were first degree relatives, using the ISAAC Study phase II questionnaire. The ISAAC Study phase II was performed in a similar ethnic group recruited from central Anatolia among 3041 children. The same skin prick test panel used for the ISAAC Study was used to investigate the presence of atopy in patients with FMF and included common allergens. Results: The prevalences of doctor diagnosed asthma, allergic rhinitis, and eczema were 3.3, 1.7, and 3.3%, respectively, in children with FMF, whereas the corresponding prevalences in the ISAAC study were 6.9, 8.2, and 2.2%, respectively. Only the prevalence of allergic rhinitis was significantly different between the two groups (p,0.001). The prevalence of atopy in these patients with FMF (4/60 (7%)) was significantly lower than in the children of the population based study (20.6%) (p,0.001). Conclusion: Family Mediterranean fever seems to be protective against development of atopic sensitisation and allergic rhinitis.
T he allergic diseases are known to be mediated by T helper 2 (Th2) cells characterised by the production of interleukin 4 (IL4). The pathogenesis of asthma, allergic rhinitis, and atopic dermatitis depends on IL4 for the class switching of B cell responses to secrete IgE antibodies. Interferon gamma (IFNc), produced by Th1 cells, is a proinflammatory cytokine which helps B cells to produce autoantibodies and promotes macrophage-rich inflammatory reactions while inhibiting IgE dependent, eosinophil-rich reactions. 1 A number of inflammatory diseases have been shown to be driven by a strongly dominated Th1 response, 2 3 whereas the pathogenesis of atopic diseases is associated with a Th2 response. Patients with Th1 disease such as adult rheumatoid arthritis (RA) have been shown to have decreased prevalence of atopic disorders. 3 Familial Mediterranean fever (FMF) is characterised by episodic inflammatory reactions of serosal tissues such as the pleura, peritoneum, and synovium associated with fever. 4 5 The gene responsible for FMF, entitled MEFV (Mediterranean fever), encodes a leucocyte and monocyte specific inflammatory regulator, and its mutations cause the autoinflammatory phenotype of FMF. 6 7 Centola et al have shown that MEFV expression was increased by IFNc and that it may have a place in the Th1 mediated response. 7 Further to this study, our group has shown that IFNc production by lymphocytes was significantly increased in patients who carried MEFV mutations, suggesting a Th1 predominance in FMF. 8 Furthermore, in clinical practice we have noted that patients with FMF seldom if ever have atopic diseases, which require a Th2 predominance (unpublished observations).
Because dominance of IFNc has the potential to inhibit Th2-type responses-that is, development of atopic disorders, many Th1 associated conditions have been shown to have an impact on Th2 driven conditions. 3 Thus we aimed at investigating whether FMF, or mutations of the MEFV gene, had an effect on allergic diseases and atopy, which is associated with an increased Th2 activity.
MATERIAL AND METHOD

Study design
Children with FMF were screened for allergic diseases and atopic sensitisation. The results were compared with those of an age matched population from the ISAAC Study (International Study of Asthma and Allergies in Childhood). 9 10 The study was approved by the Hacettepe University ethics committee, and written informed consent was taken from all participant's parents.
Study group
Sixty children with FMF (aged 5-16 years) were included in the study. All patients were Turkish and had typical phenotypes for FMF with recurrent attacks of fever and peritonitis, and/or pleuritis, and/or arthritis, and a dramatic response to colchicine. All were diagnosed and followed up by the Unit of Paediatric Nephrology and Rheumatology of Hacettepe University. All patients were receiving regular colchicine treatment during recruitment and none had renal amyloidosis. The study patients were mainly from central Anatolia (80%), where our centre is located. None had an attack during the time of sampling. All patients were questioned about allergic diseases such as asthma, allergic rhinitis, and atopic dermatitis, as were first degree relatives, using the ISAAC Study phase II questionnaire, 11 12 which has previously been validated within the Turkish population. Parents were asked if a doctor had ever diagnosed asthma, hay fever, or eczema in their child. Children were defined as having asthma or atopic dermatitis if the diagnosis was previously made by a doctor. This was also the case for the diagnosis of allergic rhinitis in the presence of documented atopy. The questionnaire included questions on the current wheezing and ever wheezing. Current wheezing was defined as wheezing occurring within the past 12 months.
In addition, the questionnaire included questions on the history of atopic diseases in parents and FMF in the first degree relatives. The number of siblings and several other potential confounding factors, such as environmental tobacco smoke, attendance at day care, indoor pets, and indoor humidity, were asked about.
All the face to face interviews and allergy investigation was performed by two doctors (CS, BES).
The ISAAC Study phase II was conducted among children in Ankara, located in central Anatolia. Our study was performed in a similar ethnic group recruited from central Anatolia. The ISAAC Study was performed among 3041 children aged between 9 and 11 years old, between 1999 and 2000 and aimed at determining the prevalence of the atopic diseases and the role of contributing factors. The skin prick tests were performed on all study subjects with 11 common allergens.
Laboratory Levels of total serum IgE (Pharmacia, Sweden) were measured in all our patients with FMF and in a randomly selected subgroup of 350 from the ISAAC study population. Routine management of the patients with FMF included determination of erythrocyte sedimentation rate (ESR) and C reactive protein (CRP) in order to investigate the disease activity. MEFV (the Mediterranean fever gene) mutation analysis was available in 58 of the patients. The hot spot exon 10, which harbours 14 mutations including M694V, M680I, V726A, and M694I, was first analysed by denaturing gradient gel electrophoresis. According to the band pattern, subsequent analysis was done either by restriction endonuclease enzyme digestion or sequencing. Furthermore, E148Q in exon 2 was analysed by restriction endonuclease enzyme (BstNI) digestion. 13 The same skin prick test panel used for the ISAAC Study was used to investigate the presence of atopy in patients with FMF and included common allergens of Dermatophagoides pteronyssinus, D farinae, grass mix, weed mix, tree mix, Alternaria, Cladosporium, cockroach, cat dander, cow's milk, and egg yolk of standardised extracts (ALK, Denmark or Allergopharma, Germany). Children with a wheal reaction >3 mm, after subtraction of the reaction from the negative control, to one or more of the allergen tested, were considered to be atopic.
Statistical method
Results were expressed as the mean (SEM) or percentages with 95% confidence interval (CI). Group comparisons were made using t test for population proportion. Two sided p values ,0.05 were considered significant. All analyses were performed using the SPSS 11.0 program.
RESULTS
Sixty children (36 boys, 24 girls) diagnosed as FMF with a mean (SEM) age of 11.8 (0.4) years were included in the study. The mean (SEM) duration of the disease was 7.3 (0.4) years (table 1) . The usual, onset of symptoms of FMF had occurred between the ages of 1 and 2 years.
All the patients were receiving colchicine treatment with an attack free period of at least 6-12 months. The mean (SEM) of ESR and CRP levels of the patients were 18.0 (2.0) mm/1st h and 4.4 (0.7) mg/l, respectively. Mutation analysis showed homozygosity or compound heterozygote state in 50 of the tested patients. Among these 65% carried the M694V allele.
The prevalences of doctor diagnosed asthma, allergic rhinitis, and eczema in FMF were 3.3, 1.7, and 3.3%, respectively, whereas the prevalences achieved in the ISAAC study were 6.9, 8.2, and 2.2%, respectively. Comparison of the prevalences showed that only the difference in the prevalence of allergic rhinitis between the two groups was significant (p,0.001) (table 2).
The prevalences of current wheezing in this study and the population based study were 13.3% and 11.5% (p = 0.58), respectively, whereas prevalences of wheezing history were 25% and 22.2% (p = 0.46), respectively, without any statistical significance between the two groups.
The prevalence of atopy (6.7%) in patients with FMF was significantly lower than in the children (20.6%) of the population based study (p,0.001). The prevalence of allergic diseases among the parents of patients with FMF (6.7%) was significantly lower than that in the population based study (49.5%) (p,0.001). The prevalences of asthma, allergic rhinitis, and atopic dermatitis in the parents of the children with FMF and the population based studied cases were 5% v 5.2% (p = 0.94), 1.7% v 33% (p,0.001), and 0% v 9.8% (p,0.001), respectively.
The mean (SEM) values of IgE in FMF and the population based study were 35.0 (5.3) kU/l and 43.9 (3.1) kU/l, respectively. The mean (SEM) percentage of eosinophils in the peripheral blood of patients with FMF was 2.1 (0.2%) (min: 0.2 and max: 8.6). Unfortunately, the eosinophil count was not determined in the population based study (ISAAC).
DISCUSSION
FMF is the most common autoinflammatory disease throughout the world. The carrier rate is as high as 1/5 in the ethnic groups that are most commonly affected. 13 14 The high prevalence of this mutation has led to speculations on the possible advantages of this state. In view of the decreased prevalence of asthma in carriers and patients, it has been speculated that FMF may confer protection against asthma. 15 16 A reduction in the prevalence of atopic diseases has also been clearly shown in other Th1 associated diseases, including adult RA. 3 In fact it has been suggested that patients with RA may benefit from Th2 activity.
Our clinical observations had suggested to us that allergic problems were rare in patients with FMF. There is no report that colchicine modifies the cutaneous responsiveness in skin prick tests 17 and no report that it has a therapeutic effect on atopic dermatitis. Although the prevalence of asthma is not significantly different in patients with FMF, we can say that previous studies concluded that colchicine had no treatment effect on asthma. 18 Because colchicine does not have an antiallergic action we do not believe that the decreased atopic sensitisation was due to the treatment. The presented results show that personal atopy in the patients and allergic diseases in the parents, who were accepted as obligate carriers, were indeed lower. Atopy, influenced mainly by genetic predisposition, and allergic rhinitis were seen in low prevalence in patients with FMF. Although the prevalences of atopy and allergic rhinitis were low in children with FMF, the prevalences of asthma and atopic dermatitis were not statistically different. Each of the atopic phenotypes is probably the result of a polygenic inheritance and a complex interaction between genes and environmental factors. Before our study three groups had already studied the prevalence of asthma in patients with FMF. In one study the prevalence of asthma was 2.96% but was only 0.92% among patients with FMF (p,0.005). 15 In another study, asthma was absent in all patients with FMF. 16 The third study suggested that there were no statistically significant differences in the prevalence of asthma between patients and their spouses or between parents and controls. 14 In the presented patients, genetic components being a major determinant of FMF seemed to offer protection against atopy but not asthma and atopic dermatitis. Allergic rhinitis is a Th2 driven disease that is a classical manifestation of atopy and it was decreased in patients with FMF. We believe that asthma was not decreased in our study because it is not a purely Th2 driven disease. Asthma is a common and complex condition, with considerable heterogeneity both in phenotype and underlying pathophysiology. The disease may or may not manifest itself with atopy, and may be progressive, stable, or spontaneously remitting. Recent scientific trends also suggest that the Th2 hypothesis for asthma is too simplistic 19 as it has been shown that there are increased circulating blood levels of IFNc in acute severe asthma 20 and in supernatants of resting and stimulated bronchoalveolar lavage leucocytes of asthmatic patients. 21 The complex pathophysiology of asthma may partially explain the differences in the relevant reports of its prevalence in FMF.
The atopic diseases are mainly mediated by Th2-type response and are associated with the production of proinflammatory cytokines, including IL4, IL5, IL6, IL9, IL10, and IL13. In turn, these cytokines stimulate production of IgE and induce tissue eosinophilia, which are characteristic of atopic allergic disorders. In our study, although not statistically significant, the lower levels of IgE and eosinophils in children with FMF were suggestive of a non-atopic status. It is interesting that the pyrin protein, encoded by MEFV, is expressed exclusively in monocytes, neutrophils, and eosinophils, 4 though its role in eosinophils remains elusive.
In vitro studies by Centola et al have demonstrated that proinflammatory activators, including the Th1 cytokine IFNc, tumour necrosis factor, and lipopolysaccharide, up regulate monocyte MEFV expression. 7 This study suggests that MEFV mediates a Th1 responsive, negative feedback loop during proinflammatory activation of myeloid cells and that the pathophysiological features of FMF result from defects in this inhibitory activity. We have previously shown by FACS analysis that both patients with FMF and their parents had an increased Th1 activity, expressed by the increased IFNc staining. 8 IFNc is known to inhibit IgE dependent reactions. Thus the decreased atopy in people carrying mutations for the MEFV gene may simply be a secondary result of the Th1 domination in these subjects. It is tempting to speculate that the trigger(s) that has selected the MEFV gene mutations may have upset the overall balance between the mutually antagonistic T helper cells to the advantage of the Th1 cells. What the trigger is that led to such a marked selection remains obscure. 
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